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Abstract

Objective: This article highlights the feasibility of the additive fabrication of ultra-thin

veneers made of lithium disilicate using the lithography-based ceramic manufacturing

(LCM) method.

Clinical Considerations: An esthetical appealing restoration of anterior teeth with

thin ceramic veneers is considered one of the ultimate challenges in restorative den-

tal prosthetics. These sophisticated restorations can be fabricated in different ways.

Both analog and digital subtractive manufacturing processes have been used to date.

Either of the methods is highly demanding for the dental technician and dental engi-

neering due to the required low ceramic layer thickness.

Conclusion: Modern additive manufacturing methods, for example LCM technology,

enable the production of ultra-thin lithium disilicate veneers with layer thicknesses of

down to 0.2 mm and could therefore represent a viable alternative for this indication

in the future.

Clinical Significance: Digital technologies can help streamline workflows, make the out-

come more predictable and reproducible, and even further optimize therapeutic restor-

ative options such as highly esthetic veneers for anterior teeth. The reduced material

thickness allows for a true non-prep solution or minimally invasive preparation.
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1 | INTRODUCTION

Minimally invasive restorative treatment concepts that preserve tooth

structure are becoming increasingly popular due to reduced biological

expenses.1–6 The preferred choice of materials are ceramics,7–9 and vari-

ous manufacturing methods are applied.10 Manual layering of veneering

ceramics on refractory dies provides excellent esthetic results.11 More-

over, manually layered veneers made of feldspathic ceramics, which are

adhesively bonded to the enamel, show very good survival rates.12

However, the manufacturing effort is exceptionally high and

the stability of these layered veneers is limited due to the low flex-

ural strength, especially as long as they are not yet bonded to the

enamel. Therefore, this restorative technique poses a considerable

challenge for dental technicians and dentists during processing and

placement.13 The pressing technique, by contrast, is easier to per-

form and provides veneers with a higher flexural strength,14 and

the quality of fit of veneers fabricated this way can be considered

excellent.15 The high number of analog processing steps, of course,

Received: 19 June 2023 Revised: 26 August 2023 Accepted: 7 October 2023

DOI: 10.1111/jerd.13155

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. Journal of Esthetic and Restorative Dentistry published by Wiley Periodicals LLC.

J Esthet Restor Dent. 2023;1–7. wileyonlinelibrary.com/journal/jerd 1

https://orcid.org/0000-0002-2630-2635
mailto:oliver.schubert@med.uni-muenchen.de
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/jerd
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjerd.13155&domain=pdf&date_stamp=2023-11-14


is also a significant factor in this method, and increases the overall

production effort.

Digital subtractive milling based on CAD design data of the

veneers represents the digital manufacturing approach at this stage.

Lithium silicate and zirconia ceramics are suitable materials for

computer-aided veneer fabrication. The latter can be machined dry

and thus enables very thin veneer thicknesses.16,17 Lithium silicate

ceramics, on the other hand, require wet grinding with diamond burs.

This leads to a high machining effort and thus to a more expensive

production and, in addition, necessitates a certain minimum layer

thickness to ensure that the milling results are reliable. Veneers made

of zirconium oxide, on the other hand, have esthetic disadvantages

due to their optical properties. The higher refractive index18 com-

pared to enamel and dentin causes zirconia veneers to appear unnatu-

ral. First studies on the additive fabrication of ultra-thin zirconia

veneers have been published and demonstrated a marginal fit compa-

rable to conventionally fabricated veneers.19 Additively manufactured

ultrathin occlusal veneers made of zirconia showed an adequate

mechanical strength.20

Additive manufacturing of lithium disilicate restorations repre-

sents the latest development in the field of 3D printing of

ceramics.21–24 The application of lithium disilicate veneers additively

manufactured using the LCM technology was first described by Uni-

kovskiy et al.25 Full veneers were fabricated for the restoration of six

mandibular anterior teeth and non-prep veneers for a diastema clo-

sure in the maxilla. According to the authors, layer thicknesses of

0.1 mm were achieved in some areas.

The following article describes the fabrication of ultrathin veneers

made of lithium disilicate using the Lithoz LCM process (Lithoz, Vienna,

Austria) with an even material thickness of about 0.2 mm over the

entire veneer surface. This “proof-of-concept” intends to demonstrate

the straightforwardness of the workflow, but also the quality and reli-

ability of the outcomes that can be achieved with this new technology.

2 | PRESENTATION OF THE TECHNIQUE

The complete workflow of this innovative restorative technique is

presented using a case study with veneer restorations for the maxil-

lary anterior teeth. It is a treatment simulation based on the three-

dimensional (3D) real data of the patient situation.

2.1 | Data acquisition

The TRIOS 4 3D intraoral scanner (3Shape, Copenhagen, Denmark)

was used to digitally record the maxilla and mandible (Figure 1) of a

23-year-old female patient. In addition to the 3D surface data, this

scanner also allows for the recording of geometry-related color infor-

mation (Figure 2). The data were saved in the 3Shape-specific DCM

data format.

2.2 | Virtual preparation and model fabrication

A virtual veneer preparation was performed on the maxillary anterior

teeth on the labial aspect using Magics Software V14.1 (Materialise,

Leuven, Belgium). The tooth structure was evenly reduced by

0.24 mm. This amount comprised the intended veneer layer thickness

of 0.20 mm and a gap for the bonding resin of 0.04 mm. Modelbuilder

software version 2022 (3Shape, Copenhagen, Denmark) was used for

digital model preparation (Figure 3) followed by Polyjet multicolorF IGURE 1 Initial intraoral situation for the workflow simulation.

F IGURE 2 The 3D intraoral scan with the TRIOS 4 (3Shape, Copenhagen, DNK) captures the three-dimensional surface data and the
geometry-related color information.
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printing on a Stratasys J850 Digital Anatomy 3D Printer (Stratasys,

Rechovot, Israel) at 3dmedicalPrint (Attersee, Austria) (Figure 4). The

six anterior tooth dies, and the distal adjacent teeth were designed to

be removable abutments.

2.3 | CAD of the veneers

The veneers were created using the ExoCAD software Rijeka V3.1

(ExoCAD, Darmstadt, Germany). A gap thickness of 40 μm was cho-

sen for the bonding resin layer. The baseline scan data of the maxilla

before the virtual preparation was used as a virtual wax-up so that the

design of the veneers could be fitted to it (Figure 5).

2.4 | Additive manufacturing using the LCM
technology

For the 3D printing of the veneers, support structures had to be cre-

ated on the CAD data to ensure a stable connection of the future res-

torations to the building platform of the 3D printer during the printing

process (Figure 6). The data were then imported into the CeraFab S65

Medical 3D printer and the printing parameters suitable for the mate-

rial were selected (Table 1). For the 3D printing, a lithium disilicate

slurry in the color “Translucent” was used as a raw material for the

fabrication of the veneers. The build time for each veneer shell was

6 min and 24 s. After the printing process, the parts were in the so-

called “green state.” These green bodies consist of a crosslinked

organic binder system and lithium disilicate particles dispersed in the

formulation. Excess uncured slurry was removed during the cleaning

process and the parts were then subjected to thermal post-treatment

(debinding, sintering, and crystallization) (Figure 7).

F IGURE 3 Virtual veneer preparation
and digital model design.

F IGURE 4 Colored model produced using the Stratasys PolyJet
method in multimaterial 3D printing.

F IGURE 5 CAD design of the ultra-thin veneers.

F IGURE 6 Virtual positioning of the veneers on the build
platform and creation of the support structures.
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2.5 | Postprocessing and finalizing the veneers

To finalize the veneers, they were detached from their support struc-

tures using a water-cooled laboratory turbine and diamond red belt

diamond burs. The anchor points were smoothened. After finishing

the veneers and testing the static and dynamic occlusion, the crowns

were finished by means of two glaze firings. These were conducted at

a temperature of 710�C. In the case presented, IPS Ivocolor stains

(Ivoclar) were used for this purpose (Figures 8–10).

3 | DISCUSSION

A highly translucent lithium disilicate slurry was used for the additive

manufacturing of the ultra-thin maxillary anterior veneers applying

the LCM technology. Postprocessing and finalizing were basically lim-

ited to the cutting and grinding of the support structures by means of

water-cooled diamond burs and the glaze firing. The final thickness

of the ultra-thin veneers after glaze firing was about 0.225 mm, com-

prising 0.2 mm veneer and 0.025 mm glaze material. The fit on the

dies was accurate, and the esthetic appearance of the veneers could

be considered excellent. Especially noteworthy was the excellent

appearance of the sharp-edged ultra-thin margins of the veneers.

Additive manufacturing proves to be beneficial in this regard, as the

milling of veneers requires the restoration margin to be initially rein-

forced and then cut back by hand.

Standard programs were used for finalization by means of glaze

firing, which meant that no rearrangements of the workflow were

necessary the dental technician. The total time required for the fabri-

cation was comparably moderate. Moreover, a key asset of the addi-

tive fabrication of ceramics is the expected low cost, which is

considerably below that per unit of subtractive milling the same

material.

To this date, there is only little scientific literature on the topic.

Other researchers used the LCM method and ceramic materials as

TABLE 1 Printing parameters for the lithography-based
fabrication of ultra-thin lithium disilicate veneers with the CeraFab
System S65.

Ceramic material

Lithium disilicate translucent Chemical

composition based on IPS e.maxCAD
lithium disilicate powder*

Layer thickness 60 [μm]

Number of layers 342

Processing time per

layer

36 [s]

Total time for 3D

printing of 32 veneers

3:25 [hh:mm]

Initial layer exposure

intensity

50 [mW/cm2]

Normal layer exposure

intensity

50 [mW/cm2]

Initial layer exposure

energy

500 [mW/cm2]

Normal layer exposure

energy

175 [mW/cm2]

X-Y shrinkage

compensation

1.31

Z shrinkage

compensation

1.35

Z exposure depth

compensation

Off

Z layer exposure depth

compensation

0

Contour offset 0 [px]

Support structures

thickness

400 [μm]

Vat type CeraVat UHC F (UHC = Ultra-High-

Contrast)

Detergent solution LithaSol 20

*https://lithoz.com/en/lithoz-at-ids-2023-premiere-of-3d-printed-lithium-

disilicate-restorations-jointly-developed-with-ivoclar/

F IGURE 7 Veneers after thermal treatment (debinding, sintering, and crystallization).
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applied in this article and addressed, for example, the topic of fabrica-

tion accuracy. The ceramic slurry comprises monomers and solvents, a

photoabsorber, an initiator, and the glass ceramic filler which is

Lithium oxide/Silicon dioxide with a refractive index of 1.53 and a

grain size of 6 μm.22 According to this and other previous research,

dental ceramics produced using additive manufacturing technology

showed high density, good translucency, advantageous mechanical

properties, and high precision and reproducibility—and might there-

fore be a valid option for fabricating dental restorations.21,22 The res-

torations with down to layer thicknesses of 0.1 mm in some areas

fabricated by Unkovsky et al and published in 2022 showed accept-

able esthetics and proper accuracy.25 However, they primarily

focused on restorations with a 0.5-mm chamfer preparation and non-

prep veneers that substitute for a larger loss of tooth structure.

To the authors' best knowledge, this is the first time that a uni-

form layer thickness of only up to a maximum of 0.2 mm has been

realized for dental ceramic restorations using 3D printing. The highly

efficient computer-assisted fabrication of multiple ultra-thin restora-

tions is particularly interesting when it comes to minimally invasive or

non-invasive, that is, non-prep techniques in high-esthetic restorative

dentistry.

An important aspect of using very thin or even “ultra-thin” resto-
rations is how to bond these restorations safely and without fracture,

F IGURE 8 Finished veneers after
glaze firing.

F IGURE 9 Finished veneers after
glaze firing.

F IGURE 10 Veneers placed on the model.
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as the thinner the restoration, the more likely a fracture will occur.26

Recommendations for the bonding modulus can be derived from con-

ventionally fabricated thin restorations.26 Light-curing and very low

viscosity luting composites are likely to be the most suitable, as high

viscosity composites, but also for example preheated light-cured com-

posites of higher viscosity, carry a greater risk of fractures due to their

rheological properties.

3D printing of lithium disilicate ceramics has been shown to

produce sufficient accuracy and excellent mechanical properties

that meet the requirements for dental applications.21 Given this, it

can be assumed that veneers fabricated using this technique

might be less susceptible to fracture not only during function but

also during placement than those conventionally fabricated from

layered feldspathic ceramics or glass-based ceramics. The degree

to which this favorable aspect applies in vivo is yet to be

investigated.

It can be stated that this proof-of-concept case demonstrated

that it is possible to fabricate ultra-thin lithium disilicate veneers

(Figures 11 and 12) in a very efficient and operator-friendly workflow

using the Lithoz LCM procedure. Previous technologies (analog layer-

ing, press technology, milling) allow this only upon high effort, sophis-

ticated operator competence, and a considerable scrap rate. Future

research should emphasize improving the design software tools,

investigating mechanical properties and fit parameters, and also opti-

mizing the workflow.

4 | CONCLUSION

The additive manufacturing of veneers by means of the LCM technol-

ogy shows promising economic, mechanical, and esthetic aspects

compared to existing technologies. Within the scope of this proof of

concept, it was shown that excellent results can be achieved with this

new technology at a reasonable effort.
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